his study describes the surgical technique used for reconstruction and reinforcement of the lateral collateral ligament complex in patients with posterolateral instability of the elbow and the results. A triceps tendon graft from the ipsilateral elbow which was inserted through bone tunnels and fixed with bone anchors augmented the reconstruction.
Several authors have reported recurrent instability of the elbow after a primary traumatic dislocation. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The patients complain either of recurrent dislocation or of painful recurrent radiohumeral subluxation which can be reduced by rotating the forearm. 1, 7, 12, 14, 15 The instability is related to the degree of disruption of ligaments, described as the circle concept, and termed posterolateral instability (PLI) of the elbow. 7, 16 It is considered to be the most common form of recurrent post-traumatic instability of the elbow.
14 The lateral or radial collateral ligament (LCL) is the key ligament in the pathomechanics of this instability since it resists forced supination and external rotation of the forearm. A lesion of the LCL is the first stage of dislocation of the elbow. 1, 3, 7, [16] [17] [18] [19] [20] There are few published surgical procedures for the treatment of recurrent instability of the elbow. In the past, T authors have described bone block procedures and tendon transfers [21] [22] [23] and, more recently, soft-tissue reconstructions of the lateral ligament. 1, 5, [17] [18] [19] [24] [25] [26] Since 1993 we have used a reconstruction of the LCL reinforced by a triceps tendon graft in patients who develop PLI of the elbow after conservative treatment of a primary dislocation. Our aim in this study was to report the operative technique and the clinical outcome.
Patients and Methods
Between 1993 and 2000, we treated 19 patients for recurrent PLI after primary traumatic dislocation of the elbow. One patient emigrated and was unavailable for follow-up. The remaining 18 were followed for a minimum of 14 months (Table I ). There were 13 women and five men with a mean age at surgery of 30 years (14 to 50). The mean time between injury and surgery was 35 months (5 to 96). The dominant arm was injured in 11 patients. In 14 patients the initial dislocation was documented radiologically. Four patients reported that the dislocation reduced spontaneously. All the patients with a dislocation underwent a closed reduction. Three had no further treatment, two wore a sling for one and three days and 13 had a plaster cast applied for a mean of three weeks (3 to 6).
Two of the 18 patients developed recurrent dislocations. One had six dislocations and the other a minimum of ten requiring manipulative reduction in hospital. These two patients eventually suffered dislocations when trivial force was applied to the elbow. All patients reported a sensation of instability of the elbow which prevented their usual sporting activities and/or work. All complained of pain on the radial side of the joint and snapping of the elbow during supination of the forearm.
Before surgery, we evaluated all patients clinically for stability including valgus and varus stress, stressed supination and pronation and by the pivot-shift stress test as described by O'Driscoll et al. 7 All had severe apprehension to the pivot-shift stress test. In seven, posterolateral subluxation of the radial head could be demonstrated clinically and in two this was seen radiologically. Finally, under general anaesthesia before the operation, all the patients demonstrated posterolateral dislocation of the radial head with forced supination of the forearm.
Operative technique. With the patient in the lateral decubitus position and a tourniquet applied, using a straight posterior approach, the ulnar nerve is identified and protected, and after a lateral triceps split a triceps graft of 12 x 1 cm is harvested. The radial compartment of the elbow is opened after release of the anconeus muscle. The insertion of the LCL is released at the radial epicondyle. In all of these elbows the ligament is slack and there is scar tissue at the radial epicondyle. Drill holes of 4 mm are made in the radial epicondyle which are used to attach the mid-portion of the graft and a Mitek anchor (Surgical Products Inc, Westwood, Massachusetts) is placed in the centre of rotation of the joint, for fixation of the graft and for re-insertion of the remnants of the LCL (Fig. 1) . The proximal part of the supinator crest of the ulna is prepared for insertion of the graft and the tension tested with a suture. A high-speed burr is used to prepare a freshly bleeding bony trough into which the distal part of the graft is fixed with two Mitek anchors. The graft is secured with the elbow flexed at 90˚ since kinematic studies have shown maximal joint laxity after ligamentous injury in this position. 18 Finally, the triceps tendon is repaired using non-absorbable sutures, and the wound closed.
The elbow is immobilised for six weeks in a cast in 90o f flexion and pronation to avoid tension on the reconstructed lateral ligament. 27, 28 During the following six weeks, a physiotherapist instructs the patients in active and passive movements in a hinged elbow orthosis, in order to avoid supination and varus stresses. Six patients required further physiotherapy. Contact sports were allowed at six months. Postoperative follow-up. The mean follow-up was 44 months (14 to 88). All elbows were evaluated for range of movement (ROM), pain, subjective and objective stability to valgus and varus stress, stressed supination and pronation and the pivot-shift stress test.
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All patients graded their level of activity before and after injury and after surgery, using an activity score for the upper limb. 29 All elbows were assessed using the Mayo elbow performance score (Table II) 30 and a modified functional elbow score similar to that described by Constant (Fig. 2) . 29 Since all cases were unilateral, we used the contralateral elbow as a reference. The functional elbow score included measurement of strength in extension and flexion using an isobex apparatus (Isobex Primatron; Curmed, Berne, Switzerland). This allows an estimate of possible loss of strength of triceps caused by taking the graft. All complications were recorded.
Results
Fourteen patients (78%) had a stable elbow. There were no further dislocations, but four (22%) had persistent apprehension to the pivot-shift stress test (Table I ). Only one of these patients complained of instability or laxity. There was no laxity to valgus, varus or pronation stress on the joint. Despite the long postoperative immobilisation, 15 patients (83%) had no reduction in ROM defined as loss of more than 5˚ of extension or any loss of flexion (Table I) . Two patients had loss of extension of 10˚ and 12˚ and one lacked 15˚ of flexion. Thus, all patients achieved a functional ROM as defined by Morrey et al. 31 Five patients had moderate pain (>5 points on a visual analogue score) and 13 (72%) had no or only occasional slight pain (>10 points on a visual analogue score). No patient had severe pain, and in none did the surgery increase the pain.
Although there was a decrease in the strength of extension of the elbow by a mean of 2.3 kg (-1.1 to +10.0) it was not statistically significant (paired t-test, p = 0.072).
Fifteen patients (83%) returned to their pre-accident level of activity. The initial injury caused a significant mean decrease in level of activity of 2.9 (0 to 6, p < 0.05; Kruskal Wallis test). Surgery increased this activity level by a mean of 2.3 (0 to 6). This increase was significant (Kruskal Wallis test, p < 0.05). The mean difference between the pre-accident and postoperative level of activity of 0.5 (0 to 3), was not significant (Kruskal Wallis test).
The functional elbow score (Table III) showed a mean difference of 9 (-1 to 23) between the operated and nonoperated elbow (paired t-test, p < 0.01).
Using the Mayo elbow performance score 30 the nonoperated elbows had a mean score of 100 points whereas the operated elbows had a mean of 92 points (60 to 100). According to this score, 16 patients (89%) had an excellent or good result after surgery (12 excellent and four good), and two (11%) had a fair result. One was graded as a failure and had further surgery and the other had severe pain in the elbow with persistent paralysis of the ulnar nerve, a lesion which he had sustained at the time of the initial dislocation.
Seventeen patients (94%) were satisfied with the outcome. None developed an infection or neurological deficit after surgery.
Discussion
A recent study reported results after surgery for recurrent PLI of the elbow using either reinforcement of the LCL or reconstruction of the lateral ulnar collateral ligament by means of a palmaris longus tendon graft. 5 They had one failure in 11 patients, and reported excellent functional results in seven (63%).
Other clinical studies have indicated that surgery to the LCL may improve the stability in cases of recurrent dislocation.
3,4,25,26 Total for movement (0 to 40 points). Ankylosed elbow: 0 point. Fig. 2 The functional elbow score modified on the basis of Constant's functional shoulder score. 29 In our study 12 patients (67%) achieved an excellent functional result, with an elbow which was stable, free from pain and had a normal ROM; 17 (94%) were satisfied with the outcome, and 15 (83%) returned to their pre-accident level of activity as assessed by the upper limb activity score. 29 According to the Mayo elbow performance score 30 89% obtained an excellent or good result. There was one failure, requiring revision at which it was noted that the graft was deficient on the humeral side.
There was a minor non-significant decrease in strength of extension. This could be related to the injured triceps tendon, but only one patient, graded as a failure, reported subjective complaints. This might have been avoided by using palmaris longus or other graft materials, but no other authors have measured the strength of extension of the elbow after reconstruction of the LCL. [1] [2] [3] 5, 26 Despite the long period of postoperative immobilisation, there were only three patients with loss of extension of >5˚, and all achieved a functional ROM. According to Mehlhoff et al 11 immobilisation of the elbow for more than three weeks significantly reduces the ROM after dislocation. We think that there may be two important reasons why we did not observe a clinically significant loss of movement. First, the patients who were operated on had had a prior dislocation and most were then immobilised for a minimum of three weeks. None of these had had a preoperative contracture indicating that these patients may not be prone to contractures but rather to instability. Secondly, the surgical technique is a soft-tissue procedure without involving bone, and none had a preoperative bony injury.
Our technique differs from that reported by Nestor et al 5 in several ways. The tissue used for reinforcement of the LCL is harvested from the mid-portion of the triceps tendon, and the insertion of the graft into the humerus is reinforced using a bone anchor. We found ulnar fixation using bone tunnels to be difficult and therefore used bone anchors to fix the graft in a trough created in the proximal part of the supinator crest. It could be speculated that this might lead to a deficiency of the graft on the ulnar side, but this did not occur. One patient who had further surgery because of failure of the graft was found to have deficiency of the graft on the humeral side.
In conclusion, this technique is recommended for the treatment of recurrent post-traumatic posterolateral instability of the elbow. It is safe and gives reliable results with regard to stability, movement and pain. Only one incision is required whereas for the technique described by Nestor et al 5 a further incision is needed to harvest the tendon of palmaris longus.
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